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1 

DESCRIPTTOTJ 



Method and Composition f or p^t-pnn^ 
Bacterial Contamina tion in Fop d Produce 

Field of the Invsnt-inn 

This invention relates to methods and compositions for 
detecting the existence or measuring the concentration of 
bacterial contamination in food products. 

5 Backgro und of the Invent ion 

Ground beef and chicken are susceptible to rapid 
spoilage by psychotropic bacteria which thrive at refri- 
geration temperatures. As a result, these products have 
very short shelf -lives which are directly related to the 
10 initial concentration of contaminating bacteria. 

Current methods for measuring the concentrations of 
bacterial contamination in ground beef and chicken include 
the standard plate count (Difco Laboratories) as well as 
the Petri Film system <3M) (see generally. Compendia ^ 
15 ^thods for the Microbiologic ^-i naMrvn of 

Third Edition, Edited by Carl Vanderzant and Don f! 
Splittstoesser, Compiled by the APHA Technical Committee 
on Microbiological Methods for Foods). These methods 
require around 48 hours of incubation in a 35°C incubator 
20 before the results can be read. Both methods utilize a 
solid nutrient base to support the growth of individual 
cells into bacterial colonies. Many food-borne bacteria 
are incapable of growing into colonies on these surfaces 
when incubated at 35°C; thus, the concentrations of total 
25 viable bacteria measured by the above methods may be 
underestimated. 

In addition, the long incubation periods of these 
methods can cause these food products to remain in storage 
for several days until the concentrations of contaminating 
30 bacteria are known. If these tests could be completed in 
a shorter period of time it would allow companies to 
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release their products sooner so as to 1 

include: elect-r-ir^i • , nese methods 

"says. indicators cf microbial f ^strate 

10 used to monitor the growth t alS ° "«« 

-lor om y after growth 0 f t lZlT^ ^ 
These indicators normally reac, It T" ^ a * t * ot «'- 

bolic by-product produced b y th l t ^lr ally 3 «- 

in a color chan g e in the lT m ? 
» which change color in the Presence^" hi 

crated with growth include phenol red h ^ aM °" 

and neutral red Po r . , ' bro ""*=«s°l blue, 

uses phenol reTT ' ^ ^ * t « t *• 
in the presence ofacidi WM ° h color 
*» target microbe. ^ r^TT* * 

Ascribes the use of compou^ .M^tcT >■*»-•«. 

dyestuffs, e a tr~, ( bacteria convert to 

Patent No B °**~. 
substance UetraLo u ™ ^ V™—— 
* Produce a color change. t al to 
indicator is a compound which does not ^ eXamPleS ' 
of a required nutrient. ^ " a sou "e 

Edberg (0.8. Patent No. 4,925 7891 « 
reference herein, descrih... •"' 7es '. incorporated by 
30 a microbe CM^T^LT'T' ^ ^ ^ 
be metabolized by , Z ^ ^ which can only 

* target microbe.Vhe ^LT^ Mh - -taboli.ed by 
-h imparts a --^S^TTT^ ' ^ 
Summary of t-h Q T n „ rn1 . i nn 
35 The present invention relates to a k . • 

-ium and methods for detect^ ^IcTt 
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measuring the concentration of bacteria in a test sample. 
The claimed medium and methods measure viable bacteria as 
a function of the activities of several classes of bac- 
terial enzymes, including, but not limited to, phospha- 
tases, glycosidases (such as glucosidases) , and amino- 
peptidases. The presence of at least one of these groups 
of enzymes in any given bacterial species will be detected 
by the appearance of a detectable signal such as a fluor- 
escent signal. Therefore, this invention is useful in 
detecting the existence or measuring the concentration of 
total viable bacteria or at least a multitude of viable 
bacteria in a test sample in a single assay. m specific 
examples, cocktails of enzyme substrates are made to 
measure the concentration of bacterial contamination in 
15 food products, such as ground beef and chicken. 

Thus, in one aspect, the invention features a 
bacterial growth medium containing three or more different 
enzyme substrates each hydrolysed by a different bacterial 
enzyme to cause or produce a detectable signal. 

In a preferred embodiment, the three or more different 
enzyme substrates each has both a nutrient moiety and a 
detectable moiety linked together by a covalent bond. 
Each of these enzyme substrates is hydrolysed by a 
different bacterial enzyme to produce a separate detec- 
table moiety which causes or produces a detectable signal 
in the medium. in a further preferred embodiment, the 
detectable signals caused or produced are of identical 
type. 

By "medium" is meant a solid, powder or liquid mixture 
which contains all or substantially all of the nutrients 
necessary to support bacterial growth. Amino acids, 
minerals, vitamins and other elements known to those 
skilled in the art to be necessary for bacterial growth 
are provided in the medium, including, but not limited to, 
35 those disclosed in U.S. application nos. 08/334,788 and 
08/335,149, both filed on November 4, 1994, incorporated 
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by reference herein T n 

medium is liquid * P«*«rred embodiment, the 

-quired, components may also be J^T^ <= - 

components of similar p^rT** 
components may also be varied. * amounts of 

Amino acids may be provided fr «. 
10 These can be provided f L " °' 

of organisms,. as mixture^ V 

natural mixtures may contain val ^ The 

acids and vitamins »ot an Li a "° UntS ° f S "° h 
and the reUtive amount of each ^ 

» guidance, specific amounts of ** 3-eral 

vitamins are indicated below The ° aCidS ^ 

guidance only and are „„, , •' ■ counts are for 

™ose in the art will re c ^ ^ 
combinations of amino acids zTalV^ ^ di£fe ^ 

*• the medium of this invent^ t^sTs * — i " 
exemplify ju , t one such example „ Pr ° Vlded bel °" 
acids which cannot be ^ Normally, only amino 

microorganisms Z l tt^TTj"^ 0 ^ «- 
other amino acids m^y be Xld 
» the medium of the invention " ^"i" 3 £ ™ 

The medium preferably includes at least t h„ f , , 
ammo acids in approximately the f ol l £ °"°»in9 
litar of medium, : alpine i. JTJTZT" T™" <P ~ 
«»-030 to 3.2 grams,. Aspartic , „ 0 B ' 

° Cystine ,0.09 to 3.6 grams, G Z "■ 72 ■ 

^ams,, Glyoine ,0.050 to 2 00 7 ^ ' 0 - 03 ° C ° l -*> 
-00 grams,. Xsoleucin „ "3 [ «•••««. 
<0-040 to i.«o grams,, lysine Too,! 9ran,S) ' LSUCine 
Methionine ,0.01 to 0 50 „ > t0 200 ^> ■ 

* 0. 90 grams,. Proline 0 0 2 "7 'o "> 
0-40 grams,. Threonine to "T"' ^ t0 - n »> 

to i.io grams,, Tryptophan 
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(0.002 to 0.26 grams), Tyrosine (0.01 to 1.20 grams), and 
Valine (0.02 to l.io grams). 

Salts may be provided as a source of ions upon disso- 
ciation. Such salts may include (per liter of medium): 
potassium chloride (e.g., about 0.5 to 1.5 grams); copper 
sulfate (e.g., about 40 to 50 ,zg) ; ammonium acetate or 
ammonium sulfate (e.g., about 4.0 to 6.0 grams); potassium 
iodide (e.g., about 50.0 to 150.0 fig); f erric ch i oride 
(e.g., about 150.0 to 250.0 fig) ; manganese sulfate (e.g., 
about 300.0 to 500.0 fig) ; sodium molybdate (e.g., about 
150.0 to 250.0 fig); zinc sulfate (e.g. about 300.0 to 
500.0 itg); and sodium chloride (e.g. about 0.05 to 0 15 

g) • 

Other inorganic moieties may be included to aid micro- 
bial growth. These include the following (to the extent 
not already provided in the above sources of various 
chemical entities and described in amounts per liter) : 
Phosphorus (about 0.5 mg) , Potassium (about 0.4 mg) , 
Sodium (about 30 to 60 mg) , and trace amounts of Calcium,' 
Magnesium, Aluminum, Barium, Chloride, Cobalt, Copper \ 
Iron, Lead, Manganese, Suffate, Sulfur, Tin and Zinc. 

Vitamins required for growth and reproduction of the 
microorganism sought to be detected may also be provided. 
These can be provided in a pure form or as part of a more 
25 complex medium. Such vitamins may be present in approxi- 
mately the following amounts (per liter of medium) : Biotin 
(about 0.15 to 60 fig), Pantothenic Acid (about 15.0 to 
65.0 fig), Pyridoxine (about 2.0 to 9.0 fig), Riboflavin 
(about 10.0 to 50.0 fig), Folic acid (about 5.00 to 50.00 
30 /zg), Thiamine (about 10.0 to 50.0 fig), Vitamin B12 (about 
0.20 to 0.50 fig), and Niacin (about 15.0 to 55.0 ztg) . 

By "bacterial enzyme" is meant an enzyme whose enzy- 
matic activity such as the ability to hydrolyse a 
substrate or a plurality of substrates is characteristic 
35 of a bacterium or a plurality of bacteria, in this inven- 
tion, the enzymatic activities of a bacterial enzyme or 
bacterial enzymes are used to detect or measure the 
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concentration of bacteria in a h PO , 

enzymes include all th oa ! v ^ The bact -ial 

3rd edition, edited ^ l i m T '"^ * 

C J R tv, Malcolm Dixson, Edwin c. Webb 

CJ.R. Thome, and K.F. Tipton, i 979 AraH • 

selected from the group consisting ^7"^ 
tase, acid phosphatase, esterase lipase n ? ? *~ 
galactosaminidase, N-acetvl * n , »-acetyl-*- D _ 

• . , etyl 'P~ D -glucosaminidas^ m 

tnimdase, L-arabinopyranosidase, fi-D-fu"^ ~ 
fucosidase, ,- L . £ucosidasei 

galactosidase, 0 - D - 3 l ucosidase ° 9ala «°"^e. ,.„_ 

tase, /S-D-xylosxdase, peptidase (preferablv a 
Peptidase, more preferably an (l or D amt^ a^"" 
peptidase) , trypsin , chymot in ^ ** ld) " am ^ 

By "aub-tr^.. 4- l..-!^ and P^phohydrolase. 



By "substrain • « lQ Pnosphohydrolase . 

Y substrate- is meant a molecule or substance 
which a bacterial fucstance on 

oaccerial enzyme acts. The e>n^ m =*-< 
usually involves hvrirni, ■ enzymatic reaction 

» -J c or:n:^ :r :r: ot r ai r 

bond in the substrate betwe.r. rH covalent 

"s^v^sr -* the 

Produce a separate deteotafcle Zily ^ B 7T *° 
include all those known to one .kin. ,\ T 
« 'in*, but not lifted to, those ! T lnClU " 

m=. with Jr-^^l^^- ° £ 

(see Table I) . attached thereto 

By "nutrient moiety" i s meant » m ^ 
which is a nutrient o^eta^ sou " e for IVT^ 

phosphorus ln the form of phosphate), trace .1 Jl!" ' 
anuno acids (e.g., L-alanine, . carbon <e g a lu= Q T 
nitrogen. te.g., glucose), or 

By "detectable signal" is moar ^ 
3S Change in a „ediu m ' ^ ~' i's .S^"' 
measurable by physical, chemical, or biolot! f " 
to those skilled in the ^ slTT^ZZ 
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signal may be a change in emission or absorbance of 
visible or invisible light or radio waves at a certain 
wavelength, electrical conductivity, hybridization 
enzymatic reaction, emission of gas, or odor. A detec- 
table signal may also be a change in physical state such 
as between solid, liquid and gas. m preferred embodi- 
ments, detectable signals include a change in color or 
fluorescent emission of the medium. 

By "identical type of detectable signal" is meant that 
the separate detectable moieties hydrolysed from different 
enzyme substrates cause or produce detectable signals that 
are measurable by the same or substantially the same 
physical, chemical or biological parameter, including, but 
not limited to, color, fluorescent emission, odor, enzy- 
matic reaction, hybridization, or electric conductivity 
(although the intensity or quantity of signals caused or 
produced by different separate detectable moieties may be 
different). For example, yellow colors of different 
intensity would be considered of the identical type. 
Color change and fluorescence would not be considered to 
be identical type of detectable signal. 

By "detectable moiety" is meant a molecule or 
substance which can be covalently linked to a nutrient 
moiety or exists as a separate entity by itself. The 
detectable moiety does not cause or produce a detectable 
signal when it is covalently bonded to a nutrient moiety. 
However, when an enzyme from a bacterium hydrolyses the 
substrate, a detectable moiety is released and causes or 
produces a detectable signal. m preferred embodiments, 
the detectable moieties are chromogens which produce a 
color change observable in the visible wavelength range or 
fluoresces when properly excited by an external energy 
source. Examples of detectable moieties include, but are 
not limited to, orthonitrophenyl , phenolphthalein, and 4- 
35 methylumbelliferone moieties. 

The invention also features' a method of using the 
medium to detect the existence or measure the concen- 
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tration of bacterial contamination in a test sample The 
medium ls inoculated with the test sample and k 

a condition suitable for ba -p ;^;--d 

certain time period (preferably no more than v, 
5 more preferably no more than 15 hrs I 

"* , nrs, even more DrefpraKi,, 

no nore than l0 hours). Then the detectable si^i 

By "test sample" is meant a P i ece fr^n 
droplet, portion, fragment, voluL ^/^r^tT'' 

aLlon ls to be measured a i-^t- 
fr „ ra ea - A test sample may be taken 

fro. . source using technics ta o»n to one 

reterred to m CompenrH „,n ^ Mri-liml f 

Edited by carl Vanderzant and Don p Sr ,l ^ , 10n ' 
Ceiled b y the MIa Tectaical " -™, 

exist! " ba0teria " ie —»t « or .ore viable bacteria 
existing or co-existing collectively in a t ., f , 
The ter. may refer to a sin gle b.cterU,! „ , ' 

lllZ " ^ericus, P eeudoIwnas fluoresc ^ S 

Pseudomoaas putlda , Serratla Jiguefaclene * 
Jactis, Xanthononas malt 0 p UJla JL ft w Lactoc °=™= 

Staphylococcus ho„inis J"^™^* *i-™lans, 

,IflIS ' streptococcus concf^7 7^ 
35 Streptococcus anginas, Escneriohia coJi 

aureus, ^cobacteriu. fortuitlM , 

»°nJa;, a genus of bacteria le g streoto 

' str eptococci, pseudo- 



WO 96/40980 



PCT/US96/08124 



15 



monas and enterococci) , a number of related species of 
bacteria (e.g., col i forms ) , an even larger group of 
bacteria having a common characteristic (e.g., all gram 
negative bacteria) , a group of bacteria commonly found in 
5 a food product, an animal or human subject, or an 
environmental source, or a combination of two or more 
bacteria listed above. The bacteria include those 
described or referred to in Beraev^ ^n„,i of .^^^ 
Bacteriology , i 989 , Williams and Wilkins, U.S.A. 
10 incorporated by reference herein. 

In preferred embodiments, one of the substrates is 
hydrolysed by the enzyme alkaline phosphatase; another 
substrate is hydrolysed by the enzyme glycosidase, 
including, but not limited to, /?-D-glucosidase ; and a 
third substrate is hydrolysed by a peptidase (preferably 
an aminopeptidase, more preferably an (L or D amino acid) 
- aminopeptidase), including, but not limited to, L- 
alanine aminopeptidase; the detectable moiety is a fluor- 
escent moiety such that when the detectable moiety is 
hydrolysed from a substrate, it causes or produces a 
fluorescent signal; the medium contains at least the 
following three substrates: 4-methylumbellif eryl 
phosphate, 4-methylumbelliferyl- / 3- D -glucoside and L- 
alanine-7-amido-4-methyl coumarin; and the medium is 
25 inoculated with a test sample from a food product 
including, but not limited to, ground beef, chicken, milk,' 
dairy products, and drinking water. 

In another aspect, the invention features a bacterial 
growth medium containing two or more different enzyme 
30 substrates each hydrolysed by a different bacterial enzyme 
to cause or produce an identical type of detectable 
signal . 

In a preferred embodiment, the two or more different 
substrates each has both a nutrient moiety and a detec- 
35 table moiety linked together by a covalent bond. Each of 
these substrates is hydrolysed by a different bacterial 
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enzyme to produce a separate detectable rao ietv wh" v, 
causes or produces an identical type of detec^i^ 

t — r e rr a method - — - 

S Nation of bacteria sT^l^^T"' 
inoculated with the test sample aTd " 
ccodxtxon suitable for bacterial growth for a certaTn Time 

ZT T erably n ° ^ than " -re prefer ^ 

no more than 15 hrs, even more preferablv no terablv 

In preferred embodiments, the substrates ere hydro 
lysed hy an enzyme selected fro. the croup tai t ^ 
allcaUne phosphatase, glycosides (which includes Z L 

30 rr Ui tC ' and peptidase ipr e ; 

ah y an amrnopeptidase . more preferably an (, or I amino 

alan ne inc1 ^. not lifted to, J 

. de j: b :r; e rr:r'ar rr^rr ~- 

incorporated by r ~ aPPUcation 

the concentration of bacterial contamination. "moll 
°f such an apparatus is sold by Idexx ,..„ . P 
1InHoy , . , Dy Iaex * Laboratories Inc 

under the name of Quanti Tray" n. 

- inyolyea proyidin 3 a test s^le 

d 1 compartments. Th e mixture is incubated and the^I ] 
trty and quality of the color or fluorescence cha„„ 
each compartment is detected. Tte quantity a^Uty of 
Pos ltl ye compartment ,i.e. . a compartment hay ing a t^! 
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table color or fluorescence change) is compared to a most 
probable number table which relates that value to the 
bacterial concentration of the test sample. 

This invention has many advantages over the methods 
currently used to measure bacterial contamination. One 
advantage is its relatively short time to results 
Certain psychotropic bacteria grow very slowly and can 
take from 48 to 72 hours before their colonies become 
large enough to count on an agar plate. However, count- 
able colonies need not be present for the results of 
Applicant's test to be read. The fluorescent color 
produced by these bacteria in the invention appears much 
faster than their corresponding colonies which results in 
a much shorter detection time. Applicant's test can 
15 reduce the incubation period to 24 hours or less. 

Another advantage of the invention has over standard 
methods is the absence of interference by bacterial 
overgrowth. This is a particular problem when Bacillus 
species are present because they tend to grow over other 
bacterial colonies in such a way that the plate is 
unreadable. The Bacillus species are common in food 
particularly those that have been heat treated, such as 
pasteurized milk. This problem is avoided in the 
invention because it does not depend on counting 
25 individual bacterial colonies. 

This invention can be used in microbiology labora- 
tories involved in end product testing and/or quality 
control of food products, the meat and poultry industries 
the dairy industry, and the water industry. The invention 
may be used to measure the concentration of total viable 
bacteria in drinking water. 

This invention also relates to a growth medium and 
methods for detecting or measuring the concentration of 
yeasts, fungi, or other eukaryotic microorganisms in a 
test sample using a formulated medium and steps like those 
described above. 
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Other features and advantages of the w • 
apparent f rom the following description of th ^ * 

embodiments, and from the claims ^ Preferred 

in the following description, reference win be „ 
to various methodologies known to those of 2 I 
chemical, biological * n A • x. . Skl11 in the 

oioiogical and microbiological arts p„kt • 
tions and other materials setting * \u Publica- 
dogies to which reference Is 21 ^ ^ meth ° d " 

10 by reference in their ~! \ ^ inCOr P— ted herein 

-I. The ^^zz^r^r forth in 

invention are applicable to b ^^1 aTd * ^ 

specimens, and are useful in the chemical b oT^T^ 1 
microbiological arts for the detection of b T^* 1 * nd 
15 mination. detection of bacterial conta- 

.^UTrL It;; r ir nucrients £ ™ - 0£ 

me ability to metabolize cer-t-a-ir, „ 
20 'eristic of . particular 1^™™™° 

bacteria. Families , or ^ - * roup of 

share enzyme specificity for certfTn „\ " " iy 

lacking in other bacteria Bv f " " hich a « 

"etaboUc characteristic /of ^a 9 ± T™*'° ° £ «" 
25 test for the presence of ^ MOteria ' " « Possible to 

the bacteria JT^^^^" "* 
-Ives. see Edberg, ^1 M m °* St ™ «— 
identified which are speSc t "^" M *•» 
bacteria ana others l^e ^ will 
30 future (nee generallv B ^entified in the 

aSY.. 1989, Williams and Wilkins, USA, 

For example, most gram negative bacteria as 
bave Alanine aminopeptidase en 2 yme activity SuLf^ 
such as L-alanine-0-orthonltr™* , . Substrates 

35 alanine, a-naphthol-^ Y ' ^ h ^^-^- 

napnthol 0-L-alanine, 4-methylumbellif eryl . l8 _ L _ 
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alanine, and L-alanine-7-amido-4-methyl coumarin may be 
used in the medium to test for the presence of gram 
negative bacteria. The enzyme 0-D-glucosidase is found in 
the Enterococcus group of bacteria. The enzyme may cata- 
lyze the hydrolysis of appropriate substrates containing 
chromogenic or fluorogenic moieties linked to a /8-gluco- 
side. This property may be used to indicate the presence 
or absence of enterococci in a sample. Substrates such as 
4-methylumbelliferyl-^-D-glucopyranoside may be used to 
indicate the presence of enterococci. Staphylococcus 
aureus is capable of hydrolysing orthonitrophenyl phos- 
phate. Thus, if the growth medium contains this substrate 
as a source of phosphate, Staphylococcus aureus will grow 
and a color change will be produced by the release of the 
15 orthonitrophenyl moiety. Mycobacterium fortuitum requires 
S0 4 as its source of sulfur, and this species can hydrolyse 
phenolphthalein-sulfate. Thus, in a selective medium 
whose only sulfur source is phenolphthalein-sulfate, this 
species will grow and produce a characteristic color 
change by release of the colored moiety. Furthermore, the 
enzyme 0-D- glucuronidase is present in E. coli. 
Substrates such as orthonitrophenyl -/?-D-glucuronide, 0- 
naphthalamide-0-D-glucuronide, a-naphthol-0-D-glucuro'nide 
or methylumbelliferyl-0-D-glucuronide may be used in a 
25 medium for the detection of E. coli. 



20 



Substrates a nd Detectable Mni P i-i oc 

Substrates including a chromogenic moiety have been 
demonstrated to display a characteristic color change in 
samples containing target bacteria having a bacterial 
30 enzyme capable of hydrolysing the substrates. For 
example, in the presence of 0-D-glucuronidase, orthonitro- 
phenyl -/?-D-glucuronide produces a color change to yellow, 
4 -methylumbelliferyl-/S-D-glucuronide produces fluorescence 
after excitation at 365 nm, and bromo-chloro-indole-jS-D- 
glucuronide produces a color change to blue when E. coli 
is present. In the presence of /J-D-galactosidase, ortho- 
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nitrophen yl ^. D . galacc ^ produoes , . _ 

t° yellow and .-.thy^Uif, m^-D-galact! 
produces fluorescence after exertion ac 3^™"^ 
coli is present. nm when 

5 Two substrates producing dif f erpnr - 

signals nave been used for dte C ™ " 
coli among total coliform bacteria 7 X ™ ° f 

*- D -glucuronide may be J t ^ e ^t 111 ^ 1 - 
nyl-0-D-galactopyranoside. I£ ITT °" h ^"°Phe- 
10 ea.pl. solution both changes color' to v n 

fluorescence after excitation at 3 66 » ' ^ ^ 

-at^be 1 usl/to 1 tt't ^ *»• 

A detectable ^^T^T^^ 
»■ -iety by method xnown to those skilled 3 

-hods generally feature ~ g ^"cl ^ 
nutrient moiety to a detectable conjugating a 

genie moiety Exam^T « ty ' 3UCh as a c hromo- 

Kdberg i n T S ^V '^ ""^ «» *~ °V 

a xii u.£>. patent Number 4,925 7hq 4„ 
20 reference herein '"5,789, incorporated by 

» -phate «^.is^^.rr , Tr n 

and L-alani„e-7.amido-4-methyl coumarln M (MUI» / 

example of the composition is deseed" 'f^' ' 
composition of defined media le d.. k ° ^ 
"DP. MUD, ala-AMC and tT f ^"bed in Table m. 

30 from si™* \ V° t *°s>-<™ nitrate were purchased 

trom Sigma. Bacto Proteose Peptone No * ,.. P 0,lased 
from DIPCO. • 3 " as Purchased 

The substrate 4-methylumbellifervl an-, 
used to detect the presence of th, ^-"-^^ is 
"hich is present it ' st^oT ZZJ' 0 '^^ 
3S related bacteria co TO ly founo 

usedt dir/:: P rser:; 7 r do - 4 - methyi =~ - 

nee of the enzyme L- a i an i ne amino . 
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peptidase which is found in most pseudomonas species and 
other gram negative bacteria. Applicant discovered that 
this substrate is particularly sensitive to the presence 
of psychotropic bacteria which cause spoilage in meat. 
Other substrates can be used in place of L-alanine- 7- 
amido-4-methylcoumarin to detect other types of amino- 
peptidases in this group of bacteria without sacrificing 
sensitivity. 

The substrate 4-methylumbelliferyl phosphate is used 
to detect the presence of phosphatases such as alkaline 
phosphatase and acid phosphatase which are found in most 
bacterial species. This enzyme substrate supports the 
detection of bacteria which lack or have diminished L- 
alanine aminopeptidase and 0-D-glucosidase activities. 

Because phosphatase, 0-D-glucosidase, and L-alanine 
aminopeptidase are present in the vast majority of 
bacteria which contaminate ground beef and chicken, only 
one of these enzymes needs to be functional in the food- 
borne bacteria for viability to be detected. This test, 
therefore, has built-in redundant screens which support a 
highly accurate measure of total viable bacteria in ground 
beef and chicken. 

The presence of bacteria is indicated by the appear- 
ance of a blue fluorescent color in the medium after it is 
exposed to an external ultra-violet lamp (366 nm wave- 
length) . This test yields result after no more than 24 
hours of incubation at 35°C. 

The substrates MUP, MUD, or ala-AMC are hydrolysed by 
phosphatase, 0-D-glucosidase, or L-alanine aminopeptidase 
30 to produce both nutrient and fluorescent moieties. The 
nutrient moieties (i.e., phosphate, glucose, and L- 
alanine) are consumed by the bacteria as a part of their 
normal metabolism. The fluorescent moieties (i.e., 4- 
methylumberiferone or 7-amino-4-methyl coumarin) produce 
fluorescent signals (maximum emission at 450 nm) which are 
used as indicators of bacterial viability. 
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The time required for the fluorescent color t„ 
is dependent upon the concentration of bacteria D r 
the reagent. Higher concentration of v7alT e b Z " 
the medium results in a proportional decrease ^ 
5 required for color development. Therefore th T 

>a adapted to instrumentation ^iTl^lTllT 

t.onshrp between bacterial concentration and J 

e 3 nal development such as that described t C * 

mention lo ys . novel a^us ^ 
sample. The apparatus features a bag which i! 

::r that dif al= f 

tested. The invention described in thai- -. • 
further allows quantifyina the J appl lcation 

20 o i ^ "trying the microorganisms present in 

the sample by adding a medium to, promote growth of mic 
organisms, heat sealing the baa of th, i ! 
five seconds at * invention for about 

seconds at a temperature of about 250°P- to 350°P 
-cubating the sample at an appropriate temperature for an 
appropriate length of time to *n 

- organisms, and recording " tttsuUs" 10 ;: 
quantifying step involves detectij T 6 
fality of the color <* " Ctln9 the ^tity and 

taring t^f^^^"^ 0 ™-. - 
number table which relates ttat va! / "°* Pr ° bable 

30 concentration of the test sarnie 

for example, each 10 ml Quanti Trav™ «... 

50 individual wells capable of holding „ f" 8 ™ °° ntains 
A 51 «„n ■ noJ.cu.ng 0.2 ml of medium 

, 5lSt WSU 13 P resent «nich collects any "overfill., i 
medium not distributed into Inr 6 ^ 11 ,; ° f 

3S the test the powder containing en 2yme subs ra es Ts fT^ 
dissolved in 10 ml of sterile water Ne ^ IT 
.inoculated with a ^^J^J^^Z 
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material. Finally, the reagent is sealed in a 10 ml 
Quanti Tray™ and placed in a 35°C incubator for 24 hours 
The number of fluorescent wells present after incubation 
is compared against a most probable number (MPN) chart to 
determine the original concentration of bacteria present 
in the sample of food. Food containing higher than accep- 
table concentrations of contaminating bacteria can be 
retested to verify the results and/or disposed of to 
prevent distribution. 

Because not all food is contaminated by the same 
bacteria found in ground beef and chicken, other enzyme 
targets may need to be selected to measure the total 
bacterial concentration of other types of food. 

To design a medium for measuring the concentration of 
bacterial contamination in a test sample from another type 
of food or other sources prone to bacterial contamination 
methods known to those skilled in the art (including, but 
not limited to, plating, nucleic acid hybridization study, 
microscopic observation, etc.) are used to identify bac- 
teria species existing in the sample. Once the bacteria 
species are identified, one skilled in the art would be 
able to identify an enzyme or a group of enzymes that are 
characteristic of the bacteria species, and substrates 
acted on by the enzymes. Substrates having a nutrient 
moiety and a detectable moiety linked together by a 
covalent bond that is hydrolysed by the enzymes are 
produced to be used in the medium. 

All publications referenced are incorporated by refer- 
ence herein, including the nucleic acid sequences and 
30 amino acid sequences listed in each publication. All the 
compounds disclosed and referred to in the publications 
mentioned above are incorporated by reference herein, 
including those compounds disclosed and referred to in 
articles cited by the publications mentioned above. 

Other embodiments of this invention are disclosed in 
the following claims. 
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Bis (4-methylumbelli feryl) -phosphate 

TllllT^ 1 ^ 111 ^-^ 0 ^ Sodiun, salt 
4-Methylumbelliferyl-acetate 
5 4 -Methylumbelliferyi- N . acetvl * n , 

4-Methylumbelliferyl-N-acetvi Ann OBanllni «le 

4 -Methylurabell if eryl-butyrate 
10 4 -Methylumbellif ery i.«_ D . cel , . , ^ 

4-Methylumbelliferyl^-D-cello t rio S e 



*-Methyiurtbeiii f eryi- fl . D . fuco8l<to 

15 4 i — - . - 



4 -*tethylmbelliferyl-a-L.fuoo8ide 

4-Methylumbelliferyl-^-L-fucoside 

4-Methylu.nbelliferyl-a-D-galactoside 
4-Methylumbeliiferyl^-D.ga!^^^^ 

4-Methylumbellifery 1 - / j-D-glucoside 
4 -Methylumbellif ery i^. D . glucuron . de 

25 ^-Methylu^elliferyl-a-L-iduronide 
4-Methylumbelliferyl-laurate 
4 "»fetlVi™belliferyl.li 9noC e rat e 

4 - M «thyltffl(belli£.ryl...D.H«nno B i de 

4 - M ethy 1U rtbeii i£eryl . nonaoate 

30 4-Methylumbelliferyl-oleate 

4 -Methylumbelliferyl- P almitate 
^-Methylumbelliferyl-phosphate (free acid) 

as .-^y^u^^t: ~ nium sait 

4 -Methylumbellif eryl-propionate 
^-MethylurtbeiiiferyLp yrophosphate diester DisoHi 
4 -Methylu m bellif eryl . 8tearat / Dlso ^um salt 

40 rM!^ U, ? lliferyl - SUlfate Potassi - -It 
40 4 -Methylu m belliferyl-6-sulfo- N -ac e tyl-fi n L 

4 -Me t hylumbelliferyl-^ D . N „. N . T ^-^osammide 

4 -Me t hylumb e ilife^iXtrWw 1 CetylChit ° trl0Se 
4 - M ethylu^elli fe ^U.o™ amm0niUm 
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AMC- SUBSTRATES f 7 -A mido- 4 -methyl coumarin- Substrates) 
N-a-Acetyl-lysine-7-amido-4-methylcoumarin acetate 

N-Acetyl-L-phenylalanyl-L-arginine-7-amido-4-methylcoumarin hydrochloride 

L- Alanine- 7 -amido- 4 -methyl coumar in 

(3- Al anine- 7 - amido- 4 -methyl coumar in TFA 

D - Al anine - 7 - amido - 4 - methyl coumar in TFA 

L-Alanine-4-amido-7-methylcoumarin TFA 

L-Alanine-7-amido-4-methylcoumarin TFA 

L-Alanine-7-amido-4-trifluoro-methylcoumarin TFA 

L-Alanyl-L-alanyl-L-phenylalanine-7-amido-4-methylcoumarin 

L-Alanyl-L-alanyl-L-phenylalanine-7-amido-4-methylcoumarin TFA 

D-Alanyl-L-leucyl-L-lysine-7-amido-4-methylcoumarin 

L-Alanyl-L-phenylalanyl-L-lysine-7-amido-4-methylcoumarin salt 
L -Arginine- 7 -amido- 4 -methyl coumar in -hydrochloride 

L-Arginyl-L-arginine-7-amido-4-methylcoumarin trihydrochloride 
L-Asparagine-7-amido-4-methylcoumarine TFA 
L-Aspartic acid-/3- (7-amido-4-methylcoumarin) 

N-a-Benzoyl-DL-arginine-7-amido-4-methylcoumarin hydrochloride 
N-a-Benzoyl-L-arginine-7-amido-4-methylcoumarin hydrochloride 

N-Benzoyl-L-phenylalanyl-L-valyl-L-arginine-7-amido-4-methylcoumarin 
hydrochloride 

N-Ben Z oyl-L-valyl-glycyl-L-arginine-7-amido-4-methylcoumarin hydrochloride 
S-Benzyl - L-cysteine - 7-amido-4 -methyl coumarin 

N-BOC-L-Phen y lalanyl-L-seryl-L-arginine-7-amido-4-methylcoumarin acetate 
N-BOC-L-Valyl-glycyl-L-arginine-7-amido-4-methylcoumarin hydrochloride 
N-BOC-L-Valyl-Ueucyl-L-lysine-7-amido-4-methylcoumarin Salt 
N-a-CBZ-L-Arginine-7-amido-4-methylcoumarin hydrochloride 
N-CBZ-Glycylglycyl-L-arginine-7-amido-4-methylcoutnarin hydrochloride 
N-CB2-Glycylglycyl-L-leucine-7-amido-4-methylcoumarin 
N-CB2-Glycyl-L-proline-7-amido-4-methylcoumarin 

N-CBZ-Glycyl-L-prolyl-L-arginine-7-amido-4-methylcoumarin hydrochloride 
N-/3-CBX-L-Lysine-7-amido-4-methylcoumarin hydrochloride 
N-CBZ-L-Phenylalanyl-L-arginine-7-amido-4-methylchloride hydrochloride 
N-CBZ-L-Prolyl-L-arginine-7-amido-4-methylcoumarin hydrochloride 
L-Citrulline-7-amido-4-methylcoumarin hydrobromide 
L-Citrulline-7-amido-4-methylcoumarin TFA 
D-Glutamic acid-y- (7-amido-4-methylcoumarin) 
L-Glutamic acid-a- (7 -amido -4 -methyl coumar in) 
L-Glutamine-7-amido-4-methylcoumarin hydrochloride 
Glutaryl-gly C yl-L-arginine-7-amido-4-methylcoumarin hydrochloride 
Glutaryl-glycylglycyl-L-phenylalanine-7-amido-4-methylcoumarin 
Glutaryl-glycylglycyl-L-phenylalanine-7-amido-4-=methylcoumarin 
Glutaryl-L-phenylalanine-7-amido-4-methylcoumarin 
Glyc ine- 7 - amido- 4 -methyl coumarin hydrobromide 
Glycyl-L-alanine-7-amido-4-methylcoumarin hydrochloride 
Glycyl-L-arginine-7-amido-4-methylcoumarin salt 
Glycylglycine-7-amido-4-methylcoumarin hydrochloride 

Table I 
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t.-lsol e ucine-7-amido-4-methylcoumarin 
L-Isoleucine-T-amido^-methylcoumarin tfa 
L-Leucine-7-amido-4-n,ethylcoumari n 
L-Leucine-7. am ido- 4 - me th y icouna r in hydrochloride 

T FA * 7 lne 7 amid °- 4 ->nethylcoumarin 

N-Methoxysuccinyl-L-aspartvl-L-tvr-^-, , 

L^eny lal a„ ine . 7 . amldo . 4 _ thylcouM -ate 

-t: r; r id r:- methyico ^ ^ bromide 

It ^ ; amid0 " 4 " methylCOU,narin ^-chioride 

-succinyj^: :lt : ::: i; y rr; anine - 7 - amido - 4 - methyi -^ 
-3uc Ci n yl . L . alanyl . L . ph : r: m i:T counBrin 

S-aueclnyl-L-alanyl-L -ph enylalanv! t n , 7 " amld °-4-'"ethylcou I narin 
»-S™im-^ nyl . L * r Zl -IZ ^^^ y ! ine : 7 - amid0 - 4 -t h ylcou,»a rin TPA 
N-Succinylglyc^.pJ^.^ • 

N-p-Tosylglycyi.L prol 1 L ^"^^^"n 

N -p-Tosyl glycyl . L _ prol ^ 

L -Tyrosine-7-amido-4- nl ethyl C ou in a^ ~*- 4 ""- t **«-» rin hydrochloride 
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Various Substrates 
L-alanine-jS-naphthylamide 
DL-Alanine-0-naphthylamide hydrochloride 
L-Alanyl-L-alanine-jS-naphthylamide 

5 P-Ananobenzyl-l-thio-2.acetamido-2-deoxy^-D.gl UC opyranoside 
p -Aminobenzyl - 1 - thio-0-D-galactopyranoside 
D-Anrygdalin from Apricot Kernels 

L-Arginine-4-methozy-i3-naphthylamide hydrochloride 
L-Arginine-/ff-naphthylamide-hydrochloride 
10 N-a-Benzoyl-L-arginine ethylester hydrochloride 

N-a-Benzoyl-L-arginine-4-methozy^-naphthylamide-hydrochloride 
N-a-Benzoyl-DL-arginine-^-naphthylamide 

N-a-Benzoyl-D-arginine-p-nitroanalide hydrochloride 

N-a-Benzoyl-D-arginine-p-nitroanalide hydrochloride 
15 N-a-Benzoyl-D-arginine-p-nitroanalide hydrochloride 

6-Benzoyl-2-naphthylphosphate Disodium salt 

6-Benzoyl-2-naphthylsulfate Potassium salt 

Bis(4-nitrophenyl) phosphate Sodium salt 

4 -Bromomethyl - 7 -methoxycoumarin 
20 6-Bromo-2-naphthyl acetate 

6-Bromo-2-naphthyl-N-acetyl-/3-D-glucosaminide 
6-Bromo-2-naphthyl-0-D-galactoside 
6-Bromo-2-naphthyl-a-D-glucopyranoside 
6-Bromo-2-naphthyl-)3-D-glucopyranoside 
25 6-Bromo-2-naphthyl-0-D-glucuronide 
6-Bromo-2-naphthyl sulfate 
6-Bromo-2-naphthyl sulfate Potassium salt 
€ -Bromo- 2 -naphthyl-/3 -D-xylopyranoside 

2.Chloro- 4 .nitrophenyl-N-acetyl- J ff.D-glucosaminide 
30 2-Chloro-4-nitrophenyl-iS.D-cellobloside 

2-Chloro-4-nitrophenyl^-D.xylopyranoside 

8-Hydroxyquinoline-j3-D-glucuronide 

L-Leucine-p-nitroanilide 

L-Leucyl-4-methoxy-^-naphthylamide 
3 5 L-Leucyl-0-naphthylamide 

DL-Methionine-j3-naphthylamide hydrochloride 

2 - (3 ' -Methoxyphenyl) -N- ace tyl-D- neuraminic acid 

Naphthol AS 

Naphthol AS -acetate 
40 Naphthol AS-Bl-N-acetyl-0-D-glucosaminide 

Naphthol AS-/?-chloropropionate 

Naphthol AS-Bl-^-L-fucopyranoside 

Naphthol AS-Bl-0-D-galactopyranoside 

Naphthol AS-Bl -0-D-galactosaminide 
45 Naphthol AS-Bl -glucopyranoside 

Naphthol AS-Bl -/3-D- glucuronic acid 

Naphthol AS-nonanoate 
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Naphthol AS-y-phenylbutyrate 
Naphthol AS-phenylpropionate 
Naphthol AS -phosphate 
Naphthol AS-Bi-phosphate 
Naphthol AS-phosphate Sodium salt 
Naphthol AS-Bi-phosphate Sodium salt 
Naphthol AS- Su l ph a te Potassium salt 
Naphthol AS-Bi-sulfate Potassium salt 

1 - Naphthylbutyrate 

2 - Naphthylbutyrate 

1 - Naphthylcapryl ate 

2- Naphthylcaprylate 

1-Naphthyl-a-D-galactopyranoside 
l-Naphthyl-^- D - galactopyranoside 

l-Naphthyl-0-o-galactopyranoside 
l-Naphthyl-^-D-giucuronide 

1- Naphthylphosphate Disodium salt 

2- Naphthyl P hosphate Disodium salt 
2-Naphthylphosphate Sodium salt 
2-Naphthylphosphate Sodium salt 

1- Naphthylphosphate Sodium salt 

2- Naphthylsulfate Potassium salt 
2-Nitrophenyl-acetate 
4-Nitrophenyl-acetate 

2- Nitrophen y i. N . acetyl . a . D . galactosaminide 
^Nitrophenyl-N-acetyl-a-D-galactosatninide 

4-Nxtrophenyl.N-acetyl-a.D-giucosandnide 
4-N,tro P henyl- N . acetyl ^. D . glucosaminide 

4 ^^^^y^a-L-arabinopyranoside 
2 -Ni trophenyl -bu tyra t e 

4 -Ni trophenyl -butyra te 
4-Nitrophenyl-caprate 
4 -Nitrophenyl-caproate 

3- Nitrophenyl-caprylate 

4 - Nitrophenyl-caprylate 
4-Nitrophenyl^- D . cellobloside 

3- Nitro P henyl-^- D - fucopyranoside 

4- Nitrophenyl-a-D-fucopyranoside 

4-Nitrophenyl-^-D-fucopyranoside 

4-Nitrophenyl-a-L-fucopyranoside 
4-Nitrophenyl^. L _ fucopyranoside 

2-Nitrophenyl-a-o-galactopyranoside 

2- Nitr 0 phenyl^- D . galactopyranos . de 

3- Nitrophenyl-a-D-galactopyranoside 
3 -Ni trophenyl -^-D-galactopyranoside 
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4-Nitrophenyl-a-D-galactopyranoside 
4-Nitrophenyl-0-D-galactopyranoside 

2-Nitrophenyl^-D-galactopyranoside-6-phosphate Cyclohexyl ammonium salt 

4-Nitrophenyl-0-D-galacturonide 

4 -Ni trophenyl -a-D~glucopyranoside 

4 -Nitrophenyl-0-D-glucopyranoside 

4 - Ni t rophenyl -/3-D- glucuroni de 

2 -Ni t rophenyl -/}-D- glucuron i de 

4 -Nit rophenyl -glycerol 

4-Nitrophenyl-4 ' -guanidinobenzoate 

4-Nitrophenyl-a-D-maltoheptaoside 

4-Nitrophenyl-a-D-rnaltohexaoside 

4 -Ni trophenyl -a-D-maltopentaoside 

4 -Ni trophenyl -a-D-maltoside 

4 -Ni trophenyl -a-D-maltatetraoside 

4 -Ni trophenyl -a-D-maltatrioside 

4 -Nit rophenyl- a- D-mannopyranoside 

4-Nitrophenyl-jS-D-mannopyranoside 

2-Nitrophenyl-myristate 

4 -Ni trophenyl -myristate 

2-Nitrophenyl-palmitate 

4 -Ni trophenyl -palmitate 

p-Nitrophenylphosphate Disodium salt Hexahydrate high purity 

4-Nitrophenyl-proionate 

4 -Ni trophenyl - stearate 

4-Nitrophenyl-sulfate Potassium salt 

2-Nitrophenyl-^-D-thiogalactopyranoside 

4 -Nit rophenyl -0-D-thiogalactopyranoside 

4-Nitrophenyl-/3-D-thioglucopyranoside 

4 -Ni trophenyl -0-D-xylopyranoside 

Phenolphthalein diphosphate 

Phenolphthalein diphosphate Tetrasodium salt 

Phenolphthalein-mono-j3-D-galactopyranoside 

Phenolphthalein-/J-D-glucuronic acid Sodium salt 

Phenyl -N- ace tyl -a -D-glucosaminide 

Phenylethyl-/?-D-galactoside 

Phenyl -0-D-galactoside 
Phenyl-a-D-glucoside 
Phenyl-a-D-glucoside tetraacetate 
Phenyl-0-D-glucoside tetraacetate 
Resorufin-/3-D-galactopyranoside 
Resorufin-j8-D-glucuronide 
L-Serine-/?-naphthylamide 
l-Thio-0-D-galactopyranosxde Sodium salt 
l-Thio-0-D-glucopyranoside Sodium salt 
L- Tyros i ne - 0 - naph t hy 1 ami de 
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X-SUBSTRATKS (S-Bromn-,.^ , n , o1v1 . g „ K 

5-Bromo-4-chloro-3-indolyl-acetate 

5-Bromo-4-chloro-3-i„dolyl- N -ace t yl^- D - ga iact:o8aminide 
5-Bro m o-4-chloro-3-indolyl-N- a cetyl-p-D- g i ucosaminide 

5- Bromo-4 -chloro-3 - indolyl -butyrate 

5-Bromo-4-chloro-3-indolyl-caprylate 

5-Bromo-4-chloro-3-indolyl-Carbohydrates and other Derviates 

5-Bromo-4-chloro-3-indolyl-i (3 -diacetate 

5-Bromo-4-chloro-3-indolyl-p-D-fucopyranoside 

5-Bromo-4-chloro-3-indolyl-a-D-galacto Py ranoside 

5-Bromo-4-chloro-3-indolyl-p-D- g lucopyranoside 

5-Bromo-4-chloro-3-indolyl-a-D-mannopyranosid e 
5-Bromo-4-chloro-3-indolyl-pho S phate Disodium salt 
5-Bromo-4-chloro-3-indolyl-phos P hate Potassium salt 
5-Bromo-4-chl 0 ro-3-indolyl-pho S phate p-Toluidine salt 
5-Bromo-4-chloro-3-indolyl- S ulfate Potassium salt 
S-Bromo^-chloro-S-indolyl-p-D-xylopyranoside 

Y - SUBSTRATES (Inriovvl - Substrata) 
8-Bromoindoxyl-3 -acetate 
5-Bromoindoxyl-i , 3 -diacetate 
Indoxyl - 1 , 3 -diacetate 
lndoxyl-|8-D-galactoside 
Indoxyl -0-D-glucoside 

indoxyl -p-D-glucuronic acid Cyclohexylammonium salt 

rjndr y !T SPhate W(2 — i «- 2 — salt 
3 -Indoxyl -phosphate Disodium salt 

3-Indoxyl-phosphate p-Toluidine salt 

3-Indoxylsulfate Potassium salt 
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Table IT: Media Formulation (per litg-r) 

Defined media 
HEPES (acid) 
HEPES (Na + salt) 

Bacto Proteose peptone No. 3 (Difco) 
Potassium nitrate 

4-methylumbelliferyl phosphate (Sigma) 
4-methylumbelliferyl-iS-D-glucoside (Sigma) 
L-alanine-7-amido-4 -methyl coumarin (Sigma) 



(grams) 

15.36 

4.29 

8.38 

5.00 

5.00 

0.025 

0.025 

0.025 
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Tabl$ ITT- Dp fined Media rv^^ M nn 
INGREDIENT 

CONCENTRATION ( mg / L ) 

Ammonium acetate 

Magnesium chloride 500 

5 Ferric chloride (6 hydrate) ? 5 : 35 

Manganese sulfate (1 hydrate) 

Potassium chloride 0.273 

Zinc sulfate (7 hydrate) J 0 ? 

io SSKTcSiS? (2 hydrate) ?:Ss 

1000 

L-arginine HC1 

L-asparagine (l hydrate) "™ 

L-aspartic acid 1136 

• L-cysteine HC1 (l hydrate) " 
15 L-cystine methylester 2 HC1 

L-glutamic acid 340.8 

L-glutamine 20 

Glycine 2520 

SSSJES.* 1 11 hydrate) «° 

L-leucine 520 

L-lycine HC1 520 

L-methionine 724 ■ 65 
^-Phenylalanine 

" L-proline 320 

L-serine 1000 

L- threonine 30 

L- tryptophan 480 

SiSKS"* Na ealt < 2 **»*•> "° 

460 

Adenine 

Biotin 25 

Choline chloride 0,5 

Folic acid 25 

35 I-Inositol 5 

D{+) calcium pantothenate It 

Nicotinamide " 

Para aminobenzoic acid 5 

Pyridoxal HC1 1 

4 ° Riboflavin 5 

Thiamine HC1 5 

Uracil 5 

Sodium pyruvate - 2 q 00 
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What is Claimed t.q - 

1. Method for detecting the existence or measuring 
the concentration of bacteria in a test sample, comprising 
the steps of : 

providing a bacterial growth medium comprising three 
or more different enzyme substrates, wherein each said 
substrate is hydrolysed by a different bacterial enzyme, 
and thereafter, causes or produces a detectable signal; ' 

inoculating said medium with said test sample and 
incubating said medium under a condition suitable for 
bacterial growth for a certain time period; and 

detecting or measuring the detectable signal as an 
indication of the existence or the concentration of 
bacteria in said test sample. 

2. The method of claim 1, wherein said different 
substrates each having both a nutrient moiety and a 
detectable moiety linked together by a covalent bond, and 
each said substrate is hydrolysed by a different bacterial 
enzyme to produce a separate detectable moiety, and said 
separate detectable moiety causes or produces a detectable 
signal . 



3. The method of claim l, wherein said bacteria are 
selected from the group consisting of Aeroinonas 
hydrophilia, Aeromonas caviae, Aeromonas sobria 

25 Streptococcus uberis, Enterococcus faecium, Enterococcus 
faecalis, Bacillus sphaericus, Pseudomonas fluoresces 
Pseudomonas putida, Serratia liquefaciens , Lactococcus 
lactis, Xanthomonas maltophilia, Staphylococcus simulans, 
Staphylococcus hominis, Streptococcus constellatus , 

30 Streptococcus anginosus, Escherichia coli, Staphylococcus 
aureus, Mycobacterium for tui turn, and Klebsiella pneumonia. 

4. The method of claim 1, wherein said bacterial 
enzyme is selected from the group consisting of alkaline 
phosphatase, acid phosphatase, esterase, lipase, N-acetyl- 
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e-D-galactosaminidase, N-ac etY l- S - D . 91ucosaminidaae 
fZT r L - arab1 "^— i^e. *- E -fucosidase. ^ 
tosid -D-galactcsidase. 0-D- g alac- 

tosidase, ,-D-glucosidase. 0-D-glucosidase. ^.^^ 
mdase c-D-mannoeidase, pyrophosphatase, sulfatase. „-„- 
xylosxdase peptidase. , L or D a„ino acid, - aminopep- 

and t' K> trypsin, chymotrypsin, 

and phosphohydrolase . 

5. The method of claim i, whereln one Qf 

n^T'Vr hydr ° lySed ^ 3 P >«*« another 
of said substrates is hydrolysed by a glycosidase enzyme 

etyTe ***** * ' P~£i 



6. 



The method of claim 1, wherein said detectable 

3 fl1 »*—* -l-ty and said detectable signa! 

is a fluorescent signal. 

7. The method of claim 1. wherein said substrates 
compose 4 -methylumbelliferyl phosphate, 4-methylumbelli- 

feryl-/S-D-glucoside an H t n . 

coumarin. L-ala ni ne-7-amido-4 -methyl 

is tL f 6 m6th0d ° f Claim Wh6rein Sald test S -Ple 
tak en from a food product. 

9. The method of claim 8, wherein said food product 
is ground beef. product 



is cMcJT meth ° d " C " im 8 ' " heieln *~ — 



is water.^ meth ° d ° £ ° lalm " herein Said £ °° d P«*« 
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12. The method of claim 1, wherein said medium is 
liquid. 

13. The method of claim 1, wherein said time period 
is no more than 24 hours. 

5 14. Method for detecting the existence or measuring 

the concentration of bacteria in a test sample, comprising 
the steps of: 

providing a bacterial growth medium comprising two or 
more different substrates, wherein each said substrate is 

10 hydrolysed by a different bacterial enzyme and thereafter 
causes or produces an identical type of detectable signal; 

inoculating said medium with said test sample and 
incubating said medium under a condition suitable for 
bacterial growth for a certain time period; and 

15 detecting or measuring the detectable signal as an 

indication of the existence or the concentration of 
bacteria in said test sample. 

15. The method of claim 14, wherein said different 
substrates each having both a nutrient moiety and a detec- 
20 table moiety linked together by a covalent bond, and each 
said substrate is hydrolysed by a different bacterial 
enzyme to produce a separate detectable moiety, and said 
separate detectable moiety causes or produces an identical 
type of detectable signal. 

25 16. The method of claim 14, wherein said bacteria are 

selected from the group consisting of Aeromonas 
hydrophilia, Aeromonas caviae, Aeromonas sobria, 
Streptococcus uteris, Enterococcus faecium, Enterococcus 
faecalis, Bacillus sphaericus, Pseudomonas fluorescens, 

30 Pseudomonas putida, Serratia liquefaciens, Lactococcus 
1 act is, Xanthomonas mal tophi lia, Staphylococcus simulans, 
Staphylococcus hominis, Streptococcus constellatus, 
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Streptococcus anginosus, Escherichia coli StaD hv7o 

17. The method of claim ii „v, 

4 ' whe rein said bacterial 
enzyme rs seiected from the group oonsisting o£ 

TIT"::' aCid ~— ■ -.erase. Upase, N l e y t 

Neuraminidase. L-arabinopyranosidase. 0-D-fucosidase c-L 
fucos^ase, *-L- t uccsidase, 0 - D - gal actosida S e 11 
galactose, «-D- g lucosidase. 0-D-giucosidase 11' 

tase, (i-D-xylosidase, peptidase. (L or D amino acidl 
a-nopeptidase, Alanine a^inopeptidase. trypsin HZ' 
trypsin, and phosphohydrolase. 

15 selected T ° £ ° laim " " " herein i. 

n ™ a ST ^ 9r ° UP CO " SiStin9 ° £ * P"oXase 
enzyme, a glycosidase enzyme and a peptidase enzyme. 

19- The method of claim u t ,i,. 
moietv is * fi wherein said detectable 

moxety ls a fluorescent moiety and said detectable signal 
a fluorescent signal. a ^gnai 

20 20. The method of claim 18 o-r -. o 

substrates are selected f rom V ' ^ Said 

! u -,, se -Lected from the group consisting of 4 - 

- thylumbell.f eryl phosphate, 4- m ethylumbelliferyl-,-B- 

glucosxde and L-alanine-7-a m ido-4-methyl coumarin 

- i. tin :: m T:: d tr c : i4 ' wherein - - ~ 
is g ::und T b h :e: ethod of ciaim 2i ' wh - ein **- — 

is cnicJ" * ^ *»d — t 
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24. The method of claim 21, wherein said food product 
is water. 



25. The method of claim 14, wherein said medium is 
liquid. 

26. The method of claim 14, wherein said time period 
is no more than 24 hours. 

27. A bacterial growth medium comprising three or 
more different substrates, wherein each said substrate is 
hydrolysed by a different bacterial enzyme, and there- 
after, causes or produces a detectable signal. 

28. The medium of claim 27, wherein said different 
substrates each having both a nutrient moiety and a 
detectable moiety linked together by a covalent bond, and 
each said substrate is hydrolysed by a different bacterial 
enzyme to produce a separate detectable moiety, and said 
separate detectable moiety causes or produces a detectable 
signal . 

29. The medium of claim 27, wherein said bacterial 
enzyme is selected from the group consisting of alkaline 
phosphatase, acid phosphatase, esterase, lipase, N-acetyl- 
0-D-galactosaminidase, N-acetyl-0-D-glucosaminidase, 
Neuraminidase, L-arabinopyranosidase, j3-D-fucosidase, a-L- 
fucosidase, 0-L-fucosidase, a-D-galactosidase, /3-D-galac- 
tosidase, a-D-glucosidase, /8-D-glucosidase, 0-D-glucuro- 
nidase, a-D-mannosidase, pyrophosphatase, sulfatase, /3-D- 
xylosidase, peptidase, (L or D amino acid) - aminopepti- 
dase, L-alanine aminopeptidase, trypsin, chymotrypsin, and 
phosphohydrolase . 

30. The medium of claim 27, wherein one of said 
substrates is hydrolysed by a phosphatase enzyme, another 
of said substrates is hydrolysed by a glycosidase enzyme, 
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and a third said substrate is hydrolysed bv a 

enzyme. y^oxysed by a peptidase 

* i. a £1 uo r es"::~; oiety " d said ^"al 

32 ■ The medium of claim 97 t u 
comprise 4-methylu.benife" /II f SUbStrat - 
f ryl-M-gluodld. and ' ^^^li- 

coumarin. L - alanine -7-amido-4- me thyl 



10 



33. The medium of claim 27, further ™ •• 

-mple from a food product. -mprxsxng a test 

34. The medium of claim ^ . 

is ground beef. ' erein Said food Product 

is water.^ medlU " ° £ ° lai " 33 ' " h ^ in *~d p^duct 



liquid 
20 38 



25 



37. The medium of cla-im *>n i. 

or claim 27, wherein said medium i s 



^rolysed by . different bacterial «J£ ^ TZ^\ ** 
causes or produces an identic. type o£ ZZ J^ZT 

39. The medium of claim . 

~* ™* ^ ' ntrien; t diHerenC 
detectable mo iety linked together by a covaient 7 T* " 
each said substrate is hydrolysed J *^ 
-V- to produce a separate detectable ^ , ^Hal 



WO 96/40980 



PCT/US96/08124 



33 



10 



separate detectable moiety causes or produces an identical 
type of detectable signal. 



40. 



The medium of claim 38, wherein said bacterial 
enzyme is selected from the group consisting of alkaline 
phosphatase, acid phosphatase, esterase, lipase, N-acetyl- 
/J-D-galactosaminidase, N-acetyl- 0-D-glucosaminidase, 
Neuraminidase, L-arabinopyranosidase, 0-D-fucosidase, o-L- 
fucosidase, 0-L-fucosidase, a-D-galactosidase, 0-D-g'alac- 
tosidase, or-D-glucosidase, 0-D-glucosidase, ^-glucuroni- 
dase, of-D-mannosidase, pyrophosphatase, sulfatase, 0-D- 
xylosidase, peptidase, (L or D amino acid) - aminopepti- 
dase, L-alanine aminopeptidase, trypsin, chymotrypsin, and 
phosphohydrolase . 

41. The medium of claim 38, wherein said enzyme is 
15 selected from the group consisting of a phosphatase 

enzyme, a glycosidase enzyme and a peptidase enzyme. 

42. The medium of claim 38, wherein said detectable 
moiety is a fluorescent moiety and said detectable signal 
is a fluorescent signal. 

20 43. The medium of claim 41 or 42, wherein said 

substrates are selected from the group consisting of 4- 
methylumbelliferyl phosphate, 4-methylumbellif eryl-/B-D- 
glucoside and L-alanine-7-amido-4 -methyl coumarin. 

44. The medium of claim 38, further comprising a test 
25 sample from a food product. 

45. The medium of claim 44, wherein said food product 
is ground beef. 

46. The medium of claim 44, wherein said food product 
is chicken. 
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is water.^ mSdiUm ° f Claim ^' Wherein Said food ~t 

liquid! ^ mediUm ° f Claim 38 ' Wh6rein Said medi ™ 1- 

49. Method for detecting the existence or measuring 
the concentration of eukaryotic microbes in a test sample 
comprising the steps of.- ^mpie, 

providing a growth medium comprising three or more 
deferent substrates, wherein each said substrate I 
hy ro ysed by a different eukaryotic microbial e nzy me £ 
thereafter causes or produces a detectable signal 

inoculating said medium with said test sample and 

:i:; bat 7 said medi ™ — * * ^jli : d 

microbial growth for a certain time period; and 

detecting or measuring the detectable signal as an 
indication of the existence or th« 

„ . . or the concentration of 

eukaryo^c microbes in said test sample. 

50. The method of claim 49, wherein said different 
substrates each having both a nutrient moiety and a 

etectable moiety linked together by a covalent Ld an 
each said substrate is hydrolysed by a different eukaryo- 

m oLt m ; cr a°nd al t- to produce a separate detect ^e 

moiety, and said separate detectable moiety causes or 
produces a detectable signal. 

51. The method of claim 49, wherein said eukaryotic 
microbes comprise a yeast. "■«yocic 

52. The method of claim 5 or 18, wherein said pepti- 
dase enzyme is an aminopeptidase enzyme. 

53. The medium of claim 30 or 41, wherein said pepti- 
dase enzyme is an aminopeptidase enzyme. 
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